The term project complexity is not well understood in the construction industry by either scholars or practitioners. Project complexity, however, is a critical factor in project management that presents additional challenges to achieving project objectives. Therefore, it is essential that everyone involved in project management thoroughly understand what project complexity is and how to identify, measure, and manage the various attributes and indicators it comprises. This study provided a constructive approach to identify and assess project complexity. As part of the study, a working definition of project complexity was developed by the research team, and project complexity was described in terms of project management rather than project physical features. In addition, the research team identified complexity attributes and developed the indicators that measure those attributes. Project specific data were collected through a survey of companies active in the construction industry. These data were statistically analyzed to test the significance of complexity indicators in differentiating low-complexity projects from high-complexity projects. The statistical analysis resulted in 34 significant complexity indicators associated with 22 attributes, which the research team considers truly representative of project complexity. The research findings can help scholars and practitioners in the project management field understand critical indicators of project complexity and develop an appropriate strategy to manage project complexity effectively.
Introduction
In the field of project management, both scholars and practitioners have referred to problems caused by project complexity or particular problems arising from complex projects. References to low project complexity or high project complexity are commonplace across many industry sectors. However, references to low or high complexity often seem to be made intuitively and to represent a relative assessment of complexity by comparison to other types of projects or to similar projects within an industry sector. There is no standard definition for complexity that can be applied to all projects. Furthermore, there is no single understanding of complexity, what it means, and how to measure it. Project complexity is frequently perceived as a factor related to two project concepts: project difficulty and project risk. Project difficulty focuses on how hard it is to achieve project objectives. Project risk focuses on uncertainties associated with unknowns around the project.
However, although these two concepts are related to project complexity, they were not the subject of this study.
There is a need to study complexity as a separate factor influencing projects. This includes a need to define project complexity, study the individual and most important attributes of complexity, and identify the indicators that truly reflect the complexity of a project. Most attributes of complexity are constantly changing variables such as project type, project size, project location, project team experience, interfaces within a project, logistics/market conditions, geo-political and social issues, and permitting and approvals. Having a better understanding of project complexity in any phase of project development as well as a strategy to manage complexity will influence how efficiently and economically projects are planned, managed, and executed.
The overall goal of the study presented in this paper was to develop a methodology to fully explore and assess project complexity. This goal was achieved by attaining two specific objectives: (1) define complexity and its attributes and (2) identify and test the significance of complexity indicators that are the measures of project complexity. The resulting assessment of project complexity adds significant value to the current body of knowledge for scholars and helps practitioners with project resource allocation to complex projects. The research results, from the perspective of complexity theory and complexity management, make a substantial contribution to the theoretical basis in the field of project management.
Literature Review
To better understand complexity, the researchers reviewed the publications relevant to complexity theory, project complexity definition and identification, impacts of project complexity on project performance, and complexity management practices. Additionally, relevant models and tools already developed were investigated for insights into different approaches to complexity assessment and management.
Complexity Theory and Management Practice
Complexity Theory Complexity theory generally defines what a complex system is within a specific area of interest (e.g., natural science, biology, eco-system, computer science, human society, financial market, etc.) and studies the interaction between the elements in that system. The existing theoretical issue of complexity theory is that there is still no commonly accepted definition of complexity, despite there being a large number proposed (Chu et al. 2003) . As defined by Valle (2000) and Lucas (2000) , a complex system is a whole that consists of several elements interacting with each other in many different ways. Numerous interdependent elements in a complex system continuously interact and spontaneously organize and reorganize themselves into increasingly elaborate structures over time. Unlike conventional systems (e.g., an aircraft or a computer), a complex system includes elements that do not necessarily have fixed relationships, fixed behaviors, or fixed quantities. Lucas (2000) categorized systems into four levels of complexity: (1) static complexity that is related to fixed systems and does not change with time; (2) dynamic complexity that is considered to be cyclically changed spatially and temporally; (3) evolving complexity refers to the systems that are changed in spatial and temporal dimensions, and these systems evolve or alter through time into different complex systems; and (4) self-organizing complexity is the combination of the internal constraints of closed systems (like machines) with the creative evolution of open systems (like people). In "Theories of Complexity" (Chu et al. 2003 ), Chu has considered two fundamental properties generating complexity for a system: radical openness and contextuality.
With endeavors of quantifying or modeling complexity theory, scientists have attempted to apply quantitative techniques to existing systems or organizations. However, most attempts to quantify complexity deal with either the parts (traditional reduction) or look to simplify the system to a single or few parameters. Complexity could be simplified by making its features and properties reducible, and the modelers can ignore some features without substantially compromising the validity of the models. However, readers and/or users have to be aware of inherent limitations of these models and acknowledge that they cannot represent the full complexity of the system.
In the management area, under certain conditions, the systems of interest to complexity theory perform in steady, predictable ways. Under other conditions, they exhibit behavior in which regularity and predictability is lost. Almost undetectable differences in initial conditions lead to gradually diverging system reactions until eventually the evolution of behavior is quite dissimilar. The systems of interest are dynamic systems with the capability of changing over time. Some systems constantly change but do so in a relatively regular manner, whereas other systems lack this stability. Unstable systems move further and further away from their starting conditions until or unless these systems are brought up short by some over-riding constraint (Rosenhead 1998) . Stable and unstable behaviors are part of the traditional range of physical science. In the management field, Stacey (1992) indicates that a system behavior may also be divided into two zones: (1) a stable zone where, if the system is disturbed, it returns to its initial state; and (2) an unstable zone, where a small disturbance leads to movement away from the starting point, which in turn generates further divergence. Which behavior type is exhibited, stable or unstable, depends on the organizational conditions. Under some appropriate conditions, systems may operate at the boundary between these zones, sometimes called a phase transition, or the edge of chaos, in which they exhibit a sort of bounded instability, that is, the unpredictability of specific behavior within a predictable general structure of behavior.
Definition of Project Complexity
Through the literature review, more than 30 definitions of complexity were assessed. These 30 definitions went through a screening process. This screening process eliminated the definitions that were not related to project management and similar definitions from different studies (the most cited definition was selected). In addition, the definitions that consist of uncertainty elements were also eliminated. The literature often uses uncertainty to describe complexity. The use of uncertainty has purposely been avoided in this research because uncertainty is more often associated with risks rather than complexity. In this section, 10 definitions of complexity in general and project complexity in particular are introduced. These definitions originated from a wide variety of disciplines, and some of them are radically different from the others. The result of the screening process for complexity definitions is shown in Table 1 .
Complexity Attribute
The next step in better understanding complexity is to identify the attributes of complexity. Scholars have focused on the identification of complexity attributes more than any other topic in the field of project complexity. Studies in this area have evolved significantly over the past 20 years. Nassar and Hegab (2006) developed a complexity measure for project schedules. The measure considers the degree of interrelationships between the activities in the project's schedule. The complex schedule of a project may contribute to project complexity. However, the complexity measure of a project schedule is totally different from the complexity measure of a project. Baccarini (1996) identified two major attributes of complexity including organizational complexity and technical complexity. Organizational complexity reflects the view that a project is a task containing many interdependent elements. Because this dimension of complexity is related to the structure of the project, Williams (1999) refers to this factor as structural complexity. Technical complexity deals with complexity related to the transformation processes, which convert inputs (such as project resources) into outputs (such as project performance or facility quality). Technical complexity is usually divided into facility operational requirements, project characteristics, and the level of knowledge required for the project. Examples of technical complexity are the sophistication of control system, number of operators, location of project, type of work force skills needed, and right type of technical expertise. From an analysis of more than 1,300 projects, Puddicombe (2012) proved that technical complexity is an important characteristic of a project that has distinct effects on project performance.
Though uncertainty is associated with risk rather than complexity, several scholars still viewed uncertainty as an attribute to project complexity. Lebcir (M. Lebcir, "A framework for project complexity in new product development (NPD) projects," working paper, University of Hertfordshire, Hertfordshire, U.K.) introduced uncertainty as one of the factors influencing the complexity of the project. It has two important dimensions: uncertainty in goals that means the project is poorly defined at the beginning of its execution and uncertainty in methods that reflects the lack of knowledge on how to achieve project goals. Generally, the number of project components, degree of activeness within each component, degree of interactions between project components (or interfaces within a project), and interactions of the project with entities outside of the project were frequently considered as the attributes that create complexity of a project.
Assessing and Measuring Project Complexity
Previous studies explained in this literature review show that for all practical purposes, a project risk framework is not sufficient to identify and measure all the possible positive and negative effects associated with risk, uncertainty, or complexities related to the project. Notably, there is a crucial need for efficient complexity modeling in order to identify and assess project complexity factors. By conducting a literature search and structured interviewing of practitioners, Gidado (1996) has defined project complexity and identified the factors that influence its effect on project success. These factors include the inherent complexity, number of technologies, rigidity of sequence, overlap of phases, and organizational complexity. In addition, the study proposes an approach that measures the complexity of the production process in construction.
The Global Alliance for Project Performance Standards (GAPPS 2007) developed a comprehensive project management complexity measurement tool called the Crawford-Ishikura Factor Table for Evaluating Roles (CIFTER). CIFTER provides a sevenfactor model from which project management complexity of projects is assessed. A total project complexity score is created by adding the scores from all seven factors outlined in CIFTER.
The total CIFTER score is used to categorize each project as either below Global Level 1 (scores less than 12), Global Level 1 (scores 12 to 18), or Global Level 2 (score 19 or more). Table 2 shows influencing factors as well as the method to evaluate them based on the CIFTER tool. Each of the seven factors in the CIFTER tool is rated on a point scale of one to four with the total number of points across the seven factors determining whether a project is Global 1, Global 2, or neither.
Literature Findings
Several definitions of complexity were found from a wide range of disciplines as specifically discussed in each section of the literature review. For the purposes of this research, the myriad definitions were consolidated to the following central idea for further discussion: Project complexity is the degree of differentiation of project elements, interrelatedness between project elements, and consequential impact on project decisions [CII RT 305-11 (CII 2016a) ]. Also, factors of complexity suggested by scholars were discussed. Although a fair number of papers and books were found around different methods of measuring complexity, it seems that very few scholars have studied project complexity as a separate factor influencing project characteristics in the project management field. A detailed description of project complexity and complexity attributes will help scholars understand project complexity and study it properly. Gidado (1996) Project complexity is the measure of the difficulty of implementing a planned workflow in relation to the project objectives. 4 Baccarini (1996) Project complexity consists of many varied interrelated parts and can be operationalized in terms of differentiation and interdependency. 5 Edmonds (1999) Complexity is that property of a model, which makes it difficult to formulate its overall behavior. 6
Sbragia (2000) The number of elements in the project, intensity of interactions between elements, and difficulty of cooperation between the functional areas. 7
Brockmann and Girmscheid (2007) The complexity is the degree of manifoldness, interrelatedness, and consequential impact of a decision field. 8
Hass (2008) Complexity is characterized by a complicated or involved arrangement of many inter-connected elements that it is hard to understand or deal with. 9
Vidal and Marle (2008) Project complexity is the property of a project, which makes it difficult to understand, foresee, and keep under control its overall behavior. 10
Remington et al. (2009) A complex project demonstrates a number of characteristics to a degree, or level of severity, that makes it difficult to predict project outcomes or manage project. 
Research Approach
For this research, the academic researchers were working closely with 18 construction industry practitioners to form a research team. This industry group composed of practicing professional representatives from owners, contractors, and engineering firms. The industry practitioners all had at least 10 years of experience in the construction industry. These practitioners were responsible for providing research inputs and practical perspectives through multiple rounds of reviewing and many intensive discussions with the academic research team members. The research process, the survey questionnaire, the collected data, and the research results were reviewed and discussed by these industry practitioners in the validation process.
To fully explore and assess project complexity, a research framework was developed by the research team to support the interaction of the primary research objectives. The measurement approach of this research was developed based on literature findings, the results of prior research, an industry pilot and review process, and the preliminary results of statistical analysis. For the complexity measurement approach, the term complexity indicator was selected to identify complexity measures based on its common use in the construction industry and academia. The research team members who were working in the construction industry agreed that using the term complexity indicator provides a common sense descriptor for not only construction scholars but also for practitioners when referring to the measurement of project complexity. The study started with a literature review to identify potential complexity indicators. The identified indicators were brought to many discussions with the industry research team members. The complexity indicators were modified and improved upon based on a practical perspective to ensure that the survey respondents understand the developed measures and to guarantee that the developed measures represent an appropriate construct.
The research process was conducted through five tasks. Task 1 started with the in-depth exploration of the concept of complexity and its attributes. Contemporary literature on the subject of complexity was reviewed, and background experience was gathered. Research questions and research objectives were identified to direct the research around the focused point. Task 2 reviewed the developed definitions of project complexity and described project complexity by developing a working definition and identifying potential complexity attributes as a basis for this research. Task 3 proposed an approach to develop the complexity indicators deemed to measure the associated complexity attributes and the relevant hypothesis. The data related to testing the hypothesis were collected through a survey in Task 4. In Task 5, the data were reviewed and descriptively analyzed to interpret their characterizations, and then statistical methods were applied to analyze the collected data and test the relevant hypothesis to determine which indicators are truly representative of project complexity. Fig. 1 provides a visual description of the research approach.
Project Complexity Definition Development
Throughout the literature review, several definitions of complexity were found from a wide range of disciplines. One of the difficulties in addressing the topic of project complexity is that the term is applied broadly and intuitively. Without a standard definition, complexity tends to be a catch-all category that is often used when project results are unpredictable, when a project has many interacting parts, when details of a project are poorly understood, or for a myriad of other project conditions outside of what is typically perceived as "normal." Project professionals and teams have an intuitive sense of when a project is complex, but the reasons for that complexity may be widely varied and depend on that person's or project team's experiences, resource availability, stakeholder considerations, and many other factors, both objective and subjective. Additionally, the perception of complexity can be compounded by multiple project factors, which if not managed effectively may have a negative impact on the project outcome. To address these issues, project complexity is described not in terms of a project's physical features (e.g., types of materials, quantities of materials, number of systems, and facility technology) but rather complexity related to managing projects (e.g., internal project team interfaces, site logistics, permitting, etc.). This was necessary to ensure that the research results could be generalized across construction industry sectors and within a construction industry sector with different types of projects.
After substantial consideration of project complexity definitions, the initially consolidated definition of project complexity from the literature review, as presented earlier, was modified to create a final definition as the basis of this research as follows: "Project complexity is the degree of interrelatedness between project attributes and interfaces, and their consequential impact on predictability and functionality" [CII RT 305-1 (CII 2016b) ]. This definition attempts to capture the essence of how project attributes, such as project scope, team organizational dynamics, project location, policies and regulations, unfamiliar technologies, and workforce skill sets, interact both within a project and with entities outside of the project. Without targeted strategies to manage complexity, the project's outcome may be negatively impacted. With proper management strategies in place to control a diverse set of project attributes and associated interfaces that lead to increased project complexity, the probability that projects can be both successful and predictable is increased.
Complexity Attribute and Indicator Development
With the developed definition of project complexity, a methodology was developed to identify the level of project complexity. The term "complexity attribute" was used to represent factors that describe project complexity. Fifty major complexity attributes were identified using complexity theory variables, the literature review results, and industry experience. A description for each attribute was then created that included (1) attribute definition, (2) examples, (3) measures, (4) impacts, and (5) mitigation strategies. Creating these descriptions for each complexity attribute aided in eliminating or combining attributes and enabled the attributes to be ranked in an attempt to reduce the number of attributes to a more meaningful and manageable number because of the similarity or duplicability. The ranking process ultimately resulted in a reduced list of 35 complexity attributes. The complexity attributes were then grouped into categories to aid in understanding the general nature of the attributes. Eleven categories were proposed including the following: (1) stakeholder management; (2) project governance; (3) legal; (4) fiscal planning; (5) interfaces; (6) scope definition; (7) location; (8) design and technology; (9) project resources; (10) quality; (11) and execution targets. A category can have a number of different complexity attributes. Table 3 presents the list of 35 complexity attributes associated with 11 categories.
The identified complexity attributes presented in Table 3 were used to develop the complexity indicators thought to measure the associated attributes. Each attribute-measuring indicator was then converted to one question for data collection. For complexity measuring purposes, each attribute has one or more indicators deemed relevant to measuring it. Ninety-two complexity indicators were finally identified to measure the 35 associated complexity attributes. Fig. 2 presents the complexity measurement hierarchy for a single category. This hierarchical framework is discussed in more detail in the data collection process section that follows.
Research Hypothesis
To verify the complexity attributes that truly describe project complexity, the significance in differentiating low-complexity projects from high-complexity projects based on the indicators used to measure those attributes was tested. If a complexity indicator was not statistically significant for describing and measuring project complexity, it was excluded from the list. The significance level (α) for testing the hypothesis is discussed in the research results section. The primary research hypothesis was proposed to test the significance of complexity indicators. The research team produced this proposed hypothesis: Null Hypothesis (H0)-The identified project complexity indicators are not significant in differentiating low-complexity projects from high-complexity projects.
Alternative Hypothesis (H1)-The identified project complexity indicators are significant in differentiating low-complexity projects from high-complexity projects.
The assessment of the hypothesis drove the data collection and analysis techniques. This hypothesis was quantitatively tested for each indicator that was developed to measure the associated complexity attribute. Ninety-two complexity indicators were developed to measure 35 complexity attributes presented in Table 3 ; therefore, 92 corresponding individual hypotheses were tested. Each hypothesis was tested using statistical methods based on factual historical project data collected through the survey. The hypothesis testing process resulted in a list of significant complexity indicators that function as the measures of project complexity.
Data Collection
After developing the project complexity definition, identifying the complexity attributes, and developing the complexity indicators used to measure each associated attribute, the research team implemented the data collection process to collect the data that were usable to test the proposed hypothesis and to determine which indicators functioned as measures of project complexity. When considering different data collection approaches, the intent of the data collection, the type of data collected, possible analysis processes, sample sizes, interpretation, and advantages/disadvantages of the approach to derive a set of survey questions were taken into account. The questions used to collect the data were based on the developed complexity indicators central to the measurement of complexity attributes.
The data were collected through a survey to test the relevant hypothesis. Data analysis helped in confirming the definition of complexity including theoretical concepts and complexity's attributes, determining different levels of complexity, and providing the basis for assessing the impact of project complexity on the use of best practices. To support the survey, different ways of categorizing the level of complexity based on the proposed complexity definition were described. The survey then captured industry projectfocused data on the proposed definition of complexity, levels of project complexity, and measures of complexity indicators. The survey was sent to Construction Industry Institute (CII) member companies, and then follow-up occurred with the survey contact person (either through e-mails or phone calls) to increase the response rate.
The survey questionnaire was developed based upon the complexity measurement hierarchy (Fig. 2) . With agreement from the industry practitioners on using the term complexity indicator to indicate complexity measures, the academic research team members developed a set of complexity indicators based on literature findings and the inputs from industry practitioners. The measurements for the indicators were revised through several iterations of survey development. In the end, the research team decided to use a sevenpoint Likert scale for many of the indicators. The seven-point Likert scale was decided upon for several reasons, including that this is the scale used for the CII Benchmarking and Metrics (CII 2012), which has been tested and used for many years by CII, and that it improved respondents' ease of use because the survey was quite long. Additionally, the survey was administered to CII members, who understand this scale of measurement. The descriptors on the seven points were modified for each question to be relevant. Questions that could not be measured using the seven-point Likert scale were questions the respondent needed to access specific project data to answer (continuous scale), such as project cost or full-time equivalent project team members. This effort was coordinated with the expectation of developing statistically viable data.
For data collection purposes, each attribute had one or more indicators deemed relevant to measuring it. Each complexity indicator was converted to one question, and the survey was developed to collect data on each question in the complexity matrix. The questionnaire was then refined by the industry practitioners and the CII research committee. Many changes were recommended, and it was decided to use a seven-point scale as a basis for assessing certain complexity indicators. The research team revised the survey based on these inputs and piloted the survey to ensure it was viable. After the survey, the collected data were analyzed. The set of questions significant in differentiating high-complexity projects from lowcomplexity projects determined the corresponding indicators that are significant in measuring project complexity.
The survey, containing 106 survey questions and requiring 152 responses, was structured into three sections including the following: (1) General Project Description, (2) Project Complexity Metrics, and (3) Best Practice Implementation. Responses were a number, yes/no, or an ordinal scale (e.g., one to seven with one being low and seven being high complexity for a measure). Section 1, General Project Description, consisted of 16 questions that provided general information and project characteristics of the surveyed projects such as project type, project cost/schedule, and design/procurement/construction contract type. Section 2, Project Complexity Metrics, consisted of 73 questions with 92 responses. These 92 responses were used to collect data for 92 developed complexity indicators that measure the 35 associated complexity attributes. Section 3, Best Practice Implementation, had 13 questions asking the level of best practice implementation for each project. At the beginning of the survey, each respondent was asked to complete the survey for one high-complexity project and one low-complexity project based on the survey instructions and their understanding of complexity. The intent of the survey was to assess the different complexity indicators based on responses between low-complexity projects and high-complexity projects. Differences had to be statistically significant to argue that the indicator was a true reflection of project complexity.
The survey process was conducted online. After the questionnaire framework was developed for the survey, a pilot test was conducted both using hard copies of the survey and the CII online survey software to refine the survey questionnaire, test the appropriateness of each question, and ensure that the survey is viable. The survey was pilot tested by several industry research team members on 10 projects. The responses for the pilot survey were gathered and analyzed to eliminate any questions or information that was not appropriate to the survey. These pilot surveys helped identify several issues with the survey and helped identify potential statistical analyses that would be conducted on the data collected from full deployment of the survey. After the questionnaire was validated, the survey transmittal memorandum, survey instructions, and final questionnaire were uploaded to the CII online survey system and sent to CII company members. The questionnaire was sent to 140 CII company members to collect data.
Data Analysis and Research Result
The focus of the statistical analysis was to test the research hypothesis and determine the complexity indicators that are significant in differentiating low-complexity projects from high-complexity projects. Several different statistical tests were used based on the type of question response. One of the primary objectives of this research was to determine how to measure complexity while focusing on a large array of measures. Survey respondents were asked two separate times to evaluate the complexity of their project, once at the beginning of the survey and once toward the end. The statistical analysis consistent with the data characteristics was conducted. For example because project complexity was measured by different indicators that describe the associated attributes, the statistical analysis was implemented to determine which indicators should be considered as significant and best reflect project complexity. In other words, testing which indicators were statistically significant in differentiating between low-complexity projects and highcomplexity projects helped the researchers understand which indicators have an important contribution to describing a project's complexity. After that, the analysis process focused on these significant indicators. The primary question of interest is, "Is there a clear difference between low complexity projects and high complexity projects with regards to a specific indicator?" Both exploratory and inferential statistics were used to determine if this difference existed.
Exploratory Statistics
Exploratory statistics in this research were graphical displays including boxplots and bar-chart graphics to visualize the data. Side-by-side boxplots were used whenever the data were counts, dollars, or other numerical values. The boxplots illustrated the distribution of the data, indicating outliers, minimum and maximum values, first quartile and third quartile, and median. Bar charts were used to describe both Likert (seven-point scale) and binary (yes/no) type data. The x-axis of the bar chart consists of the Likert scale responses, and the y-axis consists of the observed frequencies of each of the different possible responses. The side-by-side boxplots and bar charts allow for visual comparison of the data between low-complexity projects and high-complexity projects.
Inferential Statistics
Depending on the type of data produced from the survey, the methods of analysis varied. This was because there are different assumptions and limitations to the statistical analysis tests. Table 4 summarizes the basic formal statistical methods that were used for data analysis in this research. P-values that indicated the statistical significance of differences between the two groups (low-complexity projects versus high-complexity projects) were generated through the relevant tests.
To run the analysis, the Survey Visualization Tool program was used for the statistical approaches (both formal and descriptive) as described in Table 4 . The survey data were initially cleaned, coded, and then input into the program. The data analysis results were generated regarding the different methods of testing, and the statistical finding (P-value of each complexity indicator) was presented in Table 5 .
Research Results

General Survey Data Characterizations and Descriptive Analysis
Forty-four survey responses were provided from the online survey. The survey response rate was 31.4%. Of these responses, 30 responses were for high-complexity projects, and 14 responses were for low-complexity projects, as subjectively rated by the respondent at the start of the survey (high complexity and low complexity were the only possible answers). Before selecting a project for the survey, the respondents were provided the relevant information in a Memorandum, the Survey Request, and the Survey Instruction. Null hypothesis: The means for highcomplexity projects and low-complexity projects are the same.
The two groups (high-complexity projects and low-complexity projects) follow a normal distribution.
Alternative hypothesis: The means for highcomplexity projects and low-complexity projects are different.
Each project was independent from other projects.
Kruskal-Wallis/Wilcoxon test: This test was used for Likert data (ordinal sevenpoint scale), where it could not necessarily be assumed that the data follows a normal distribution.
Null hypothesis: The probability that the median of high-complexity projects is greater than the median of low-complexity projects on this question is 0.5 (the distributions are the same).
The two groups follow an identically scaled distribution.
Alternative hypothesis: The probability that the median of high-complexity projects is greater than the median of low-complexity projects on this question is not equal to 0.5 (the distributions are not the same).
Each project was independent of other projects.
Chi-squared test (Nagelkerke's R 2 ): This test was used for survey questions with binary responses ("Yes" or "No" response), testing whether the observed frequencies of "Yes " or "No" are equal for both high-complexity projects and lowcomplexity projects.
Null hypothesis: The observed frequencies of "Yes" and "No" for high-complexity projects are not different from those for lowcomplexity projects.
Alternative hypothesis: The observed frequencies of "Yes " and "No" for highcomplexity projects are different from those for low-complexity projects. CI-18_Difficulty in system design and integration on this project compared to a typical project for your company.
0.0048
Technology CI-19_Company's degree of familiarity with technologies that will be involved in detailed engineering/design project phase.
0.0138
CI-20_Company's degree of familiarity with technologies that will be involved in construction project phase.
0.0065
CI-21_Company's degree of familiarity with technologies that will be involved in operating facility project phase.
0.0106
Location Number of locations CI-22_Number of execution locations which will be used on this project during detailed engineering/design phase.
0.0324
Logistics CI-23_Number of execution locations which will be used on the project during fabrication (bulk materials and equipment) phase. This information included the project complexity definition that had been developed as a research basis at the initial stage of the research. The descriptive instructions to preliminarily assess complexity levels of a project had also been provided based on the preliminarily identified complexity measures such as project size, project schedule, number of process steps, or technology familiarity. Additionally, the respondents were also asked to select the projects based on their perspective of complexity. The respondents were asked again about the level of complexity for the surveyed project in the final question of the "Project Complexity Metrics" section of the survey. This question asked the respondents to evaluate the project's complexity on an ordinal seven-point scale with one being low complexity and seven being high complexity. The implication of this Likert rating was to verify the initial selection of complexity level for the surveyed project. The rationale for asking this question is that, after answering all the survey questions plus their perspective of complexity, the respondents have more information and understanding of project complexity, and then reassess the complexity level of the selected project on this Likert scale. The average scores of the Likert scale question for 14 low-complexity projects and 30 high-complexity projects were 2.34 and 5.25 respectively. This confirmed that the perception of low versus high complexity initially classified by the survey respondents was consistent with the survey data. The survey data set was descriptively analyzed to ensure data characteristics were understood. This effort was also used to follow up on the survey responses and to correct any inappropriate or erroneous data. Among the 44 projects, there were 30 heavy industrial projects, 3 light industrial projects, 3 building projects, 3 infrastructure projects, and 5 projects of other types. The responses ranged from project costs of $0.4 million to $5,600 million (average $140 million for low-complexity projects and $417 million for high-complexity projects). The total schedule durations for the survey projects were from 8 months to 70 months (average 25 months for low-complexity projects and 30 months for high-complexity projects).
Testing for Differences between High-Complexity Projects and Low-Complexity Projects
The primary goal of this research was to develop a methodology to fully explore and assess project complexity by identifying the complexity indicators used to describe and measure project complexity. In other words, the complexity indicators that were significant in differentiating low-complexity projects from high-complexity projects were identified and tested. The significance level of 0.05 (α ¼ 0.05) was initially chosen to test the significance of each complexity indicator in differentiating low-complexity projects from high-complexity projects. Twenty-four out of 92 complexity indicators were found significant with the significance level of 0.05 as a result of the analysis. This result was then reviewed by the research team. Upon reviewing the initial analysis result, the industry members of the research team determined that all aspects of project complexity were not sufficiently described by these 24 complexity indicators. Based on industry experience and discussion, several other complexity indicators that had P-values close to 0.05 were important in measuring project complexity and should be included in the list. The significance level was ultimately increased from 0.05 to 0.1. The research team deemed this an acceptable significance level based on the industry and research standards and intended use for the results.
With the significance level of 0.1, there were 36 complexity indicators (CIs) associated with 22 complexity attributes that were statistically significant in differentiating low-complexity projects from high-complexity projects (the indicators that have P-value not greater than 0.1). This result was reviewed again. Among those 36 statistically significant indicators, two indicators had high correlations with two other indicators. The first indicator was "Average number of participants during the detailed engineering/design phase" that had very high correlation with the indicator "Peak number of participants [full-time equivalents (FTE)] on the project management team during the detailed engineering/design phase of the project." The correlation coefficient between these two indicators was 0.99 (R ¼ 0.99). The second indicator was, "Average number of participants during the procurement phase," which had very high correlation with the indicator, "Peak number of participants [full-time equivalents (FTE)] on the project management team during the procurement phase of the project." The correlation coefficient between these two indicators was 0.98 (R ¼ 0.98). Statistically, two or more highly correlated indicators may measure the same characteristic of project complexity. As a result, those two indicators as described previously were excluded from the significant indicator list. Ultimately, a list of 34 complexity indicators that measure 22 complexity attributes was finalized as presented in Table 5 . These indicators were considered critical descriptors of project complexity and used as a basis for further research. The further relevant research includes developing a project complexity assessment and management tool, developing project complexity management strategies, and developing a project complexity predictive model (not covered in scope of this paper).
The complexity indicators and complexity attributes listed in Table 5 are statistically significant in differentiating low-complexity projects from high-complexity projects. These indicators can be used to describe and measure the complexity of a project. This finding assists scholars and practitioners in identifying potential problem areas that may arise in the project development and delivery process. A proactive project management approach can then develop appropriate management strategies to deal with project complexity. Implementing proper management strategies relevant to the identified complexity indicators will help organizations in reducing the likelihood that the associated attributes will cause poor project performance.
Conclusion
This research provided a constructive way to assess and measure aspects of project complexity. The research contributes to enriching the theoretical basis in the field of project management by identifying the root contributors to project complexity defined as complexity indicators. The degree of project complexity was determined by identifying and measuring the complexity attributes. This knowledge can help project participants develop their competencies in managing complex projects in different industry sectors. Moreover, this knowledge can provide project management scholars a basis to study the positive impacts and reduce the negative impacts of project complexity in managing projects in an effective manner. Practically, the research implications of identifying 22 complexity attributes and 34 associated complexity indicators were that, when knowing the true contributors to project complexity, project management practitioners would be able to focus on those complexity indicators, prioritize their activities to the identified complexity attributes, and allocate the limited project resources to address those attributes. Understanding the complexity indicators also helps project practitioners develop an appropriate management strategy to minimize the impact of the identified complexity indicators.
One limitation of this study is that the research team chose not to describe complexity primarily in terms of a project's physical features but rather to address complexity as it is related to managing projects. With this focus, the study did not consider complexity measures that are specifically related to the physical features of a project. This limitation could be addressed through future research that studies project complexity focusing on projects in a specific industry sector with their unique physical features. Projects in different sectors have different physical features that more or less contribute to project complexity. Therefore, focusing more on physical features of a project can help in exploring other specific complexity attributes in the corresponding sector. This result could further enhance the theoretical basis and understanding of project complexity and its impact on project development and delivery.
In this research, a set of complexity management strategies was developed. Each indicator has a number of management strategies that can be applied to minimize the complexity impact. One limitation to this paper is that this separate, second contribution of the research project, the process of developing complexity management strategy, will be published in another paper.
